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%HFDXVH WKH FDOFLILHG WLVVXHV RI PDPPDOLDQV DUH
PDGH XS RI FDOFLXP SKRVSKDWH &D3 VHYHUDO
FRPSRXQGV RI V\QWKHWLF &D3V DUH ZLGHO\ XVHG LQ
RUWKRSHGLF DSSOLFDWLRQV IRU PDQ\ WDUJHWV 7KHVH
LQFOXGHUHSDLUPHQWDQGUHFRQVWUXFWLRQRIERQHWLVVXH
GHIHFWVERQHIUDFWXUHKHDOLQJVWUHQJWKHQLQJGHQWDO
WLVVXHV DQG DV WKH FRDWLQJV IRU LPSODQW PDWHULDOV
RZLQJ WR WKHLU H[FHOOHQW ELRFRPSDWLELOLW\ DQG
ELRDFWLYLW\ 7KH LQWHUIDFH EHWZHHQ WKH RUWKRSHGLF
LPSODQWDQGWKHVXUURXQGLQJKRVWWLVVXHPD\SOD\D
VLJQLILFDQW UROH RQ WKH FOLQLFDO DVSHFW ([SHFWHG
HIIHFWVDUHXVXDOO\ERQ\LQJURZWKRVVHRLQWHJUDWLRQ
VWLPXODWLRQ RI RVWHRJHQHVLV RVWHRLQGXFWLRQ
LQFUHDVHGYDVFXODUL]DWLRQDQGLPSURYHGPHFKDQLFDO
VWDELOLW\ $PRQJ WKHVH IDFWRUV VXUIDFH WH[WXUH RU





)RFXVHG ,RQ %HDP ),% EDVHG GLUHFW LRQ
OLWKRJUDSK\ LV D FRQYHQLHQW DQG SUDFWLFDO ZD\ LQ
RUGHUWRIRUPQDQRDQGPLFURVWUXFWXUHVLQGHVLUHG
VL]HVDQGJHRPHWULHV
,Q WKLV VWXG\ ELSKDVLF FDOFLXP SKRVSKDWH %&3
VXUIDFHVZHUHPRGLILHGXVLQJDGXDOEHDPSODWIRUP
),%6(0DQG WKH FHOO LQWHUDFWLRQRIPDPPDOLDQ
RVWHREODVWOLNHFHOOV0*RQWKHUHODWHGVXUIDFHV
ZDV LQYHVWLJDWHG LQYLWUR  5HSHDWLQJ SDWWHUQV RI
VTXDUH FLUFOH DQG OLQHDUUD\ LRQPLOOHG VWUXFWXUHV
DQG VTXDUH FDUERQ GHSRVLWLRQ OD\HUV [ P
ZHUHIRUPHGRQ%&3SHOOHWVXUIDFHVDWWKH),%&HOO
VXUIDFH LQWHUDFWLRQ ZDV WKHQ REVHUYHG ERWK XVLQJ
)OXRUHVFHQFH0LFURVFRS\DQGKLJKUHVROXWLRQ6(0
LPDJLQJ%HVLGHV)OXRUHVFHQFHPLFURVFRS\LPDJHV
ZHUHDQDO\]HGE\XVLQJ ,PDJH- VRIWZDUH WRREWDLQ
TXDOLWDWLYHLQIRUPDWLRQRQFHOODGKHVLRQEHKDYLRURQ
WKH VWUXFWXUHG VXUIDFH RI%&37KLV VWXG\ VKRZHG
WKDWVXUIDFHWRSRJUDSK\RIWKHELRFHUDPLFVXEVWUDWHV




1RZDGD\V WDNLQJ DQ LPSRUWDQW SDUW LQ WKH KHDOWK
VHFWRU DQG LPSURYLQJ WKH OLIH TXDOLW\ELRPDWHULDOV
KDYH KLJKDGGHG DQG KHQFH KLJK ILQDQFLDO YDOXH
&DOFLXPSKRVSKDWHFRPSRXQGVDUHZLGHO\XVHGDV
ERQH JUDIW PDWHULDO LQ WXPRU VXUJHU\ DQG ERQH
IUDFWXUHKHDOLQJWRVWUHQJWKHQGHQWLQLQGHQWLVWU\DQG
DVDFRDWLQJPDWHULDOIRULPSODQWV%&3LVDFDOFLXP
SKRVSKDWH ELRPDWHULDO ZKLFK FRQWDLQV DQ LQWLPDWH
PL[WXUHRI K\GUR[\DSDWLWH +$&D322+
DQG EHWDWULFDOFLXP SKRVSKDWH EHWD7&3
&D32 DW GLIIHUHQW UDWLRV DQG LV REWDLQHG E\
VLQWHULQJ WKH FDOFLXP GHILFLHQW K\GUR[\DSDWLWH DW
WHPSHUDWXUHV RI & DQG DERYH >@ 6LQFH %&3
FRQWDLQV D VWDEOH DSDWLWH SKDVH +$ DQG D PRUH
VROXEOHELRGHJUDGDEOHSKDVHȕ7&3WRJHWKHULWLV
SURPLVLQJIRUPDQ\PHGLFDODSSOLFDWLRQV%&3VDUH





GLVFLSOLQHIUHH DSSOLFDWLRQV LQ VFLHQFH DQG
WHFKQRORJ\,QSDUWLFXODU)RFXVHG,RQ%HDP),%
0LFURVFRS\ HQDEOHV VLPXOWDQHRXV VWUXFWXULQJ DQG
FKDUDFWHUL]DWLRQ VNLOOV GRZQ WR QDQRPHWHU VFDOH
LQFOXGLQJ VLWH VSHFLILF DQDO\VLV LRQ PLOOLQJ
GHSRVLWLRQ PLFURPDFKLQLQJ SURWRW\SLQJ DQG
PDQLSXODWLRQ ,Q WKLV VWXG\ ),%6(0 GXDOEHDP
SODWIRUPV ZHUH XVHG IRU SHUIRUPLQJ GLUHFW LRQ
PLOOLQJDQGFDUERQGHSRVLWLRQSURFHVVHVLQRUGHUWR





RVWHREODVWOLNH FHOOV RQ WKH UHODWHG VXUIDFHV DUH
LQYHVWLJDWHG LQ YLWUR 7KH DGKHVLRQ EHKDYLRU ZDV
REVHUYHGXVLQJFRPSOHPHQWDU\LPDJLQJWHFKQLTXHV
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VROXWLRQV ZDV DGMXVWHG ZLWK DPPRQLD 7KH &D
SUHFXUVRU ZDV DGGHG GURSZLVH WR WKH 3 SUHFXUVRU
ZLWKDSHULVWDOWLFSXPSDWDFRQVWDQWYROXPHWULFUDWH
RIP/PLQDWURRPWHPSHUDWXUH7KHXOWLPDWHJHO
ZDV VWLUUHG DW URRP WHPSHUDWXUH IRU  K $IWHU
DJLQJ SUHFLSLWDWHG SDUWLFOHV ZHUH FROOHFWHG E\
ILOWUDWLRQ DQG ZHUH WKHQ ZDVKHG ZLWK GHLRQL]HG
ZDWHUWRUHPRYHLPSXULWLHV7KHILOWHUFDNHZDVWKHQ
GULHG IRU  K LQ D YDFXXP RYHQ DW ƕ& DQG WKH
QDQRSDUWLFOHV ZHUH VXEVHTXHQWO\ REWDLQHG 7KH
QDQRSDUWLFOHV ZHUH ILUVW SUHVVHG DW  WRQV ZLWK D
VLQJOHD[LVSUHVVLQRUGHUWRIRUPDPPGLDPHWHU














ƕDQGD VFDQ VSHHGRIƕPLQZHUHDSSOLHG ,Q
DGGLWLRQ5DPDQ6SHFWURVFRS\PHDVXUHPHQWVZHUH
GRQHXVLQJ5HQLVKDZ5DPDQ,Q9LD6\VWHPFRXSOHG





WRSRJUDSK\ RI WKH %&3 SHOOHW VXUIDFHV ZHUH







EHDPLQGXFHG GHSRVLWLRQ LQ D -(2/ -,% )




WKURXJK JDV LQMHFWLRQ V\VWHP *,6 WR D WDUJHWHG
VXUIDFH VLPXOWDQHRXVO\ZLWK WKH DSSOLFDWLRQ RI LRQ
ERPEDUGPHQW7KHGLPHQVLRQVRIWKHSDWWHUQVZHUH
RSWLPL]HG DFFRUGLQJ WR WKH VL]HV RI WKH FHOOV WKDW
ZHUHFKRVHQLQWKLVVWXG\6LQFHWKHQXFOHLRI0*







7KH KXPDQ RVWHREODVWOLNH FHOO OLQH 0* ZDV






JOXWDPLQH  QRQHVVHQWLDO DPLQR DFLGV 1($$
DQG  SHQLFLOOLQVWUHSWRP\FLQ 7KH FHOOV ZHUH
PDLQWDLQHGLQDKXPLGLILHGLQFXEDWRUZLWK&2
DW&8QWLOFRQIOXHQF\WKHFHOOVZHUHSDVVDJHGDW
D  VSOLW UDWLR DSSUR[LPDWHO\ WZLFH D ZHHN
([SHULPHQWVZHUHSHUIRUPHGXVLQJWKHFHOOVDIWHUWKH





































VSHFWUXP RI WKH VLQWHUHG %&3 QDQRSDUWLFOHV $OO
EDQGV KDYH EHHQ DVVLJQHG WR LQWHUQDO YLEUDWLRQDO
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PRGHVRIWKHSKRVSKDWHJURXSV7KHVWURQJSHDNDW
































RQ WKH VXUIDFH URXJKQHVV DQG PRUSKRORJ\ $)0
DQDO\VLVZDVGRQHRQXQWUHDWHGDQGWUHDWHGVXUIDFHV
)LJXUH$IWHU),%PLOOLQJWKHVXUIDFHURXJKQHVV





6(6(0 LPDJHVRI LRQPLOOHG VWUXFWXUHV DF DQG















7KH HIIHFW RI VXUIDFH VWUXFWXULQJ RQ FHOO DGKHVLRQ
ZDV REVHUYHG E\ XVLQJ 0* RVWHRVDUFRPD
PDPPDOLDQFHOOOLQH&HOOQXFOHLDQGDFWLQILODPHQWV
RI0* FHOOV DUH FOHDUO\ YLVLEOH LQ IOXRUHVFHQFH
PLFURVFRSH DV WKH\ DUH VWDLQHG ZLWK '$3, DQG
SKDOORLGLQVWDLQV)LJXUH7KH%&3VXUIDFHVZHUH
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JLYHQ LQ)LJXUH WKHQXPEHURI0*FHOOV WKDW
ZHUH FRXQWHG E\ ,PDJH - 6RIWZDUH VKRZHG D
GLVWULEXWLRQUHODWHGWRWKHSDWWHUQVWKDWZHUHIRUPHG
RQ WKH%&3 VXUIDFHV 7KLV GLVWULEXWLRQ LV JLYHQ LQ
)LJXUH7KHUHVXOWVVKRZWKDWWKHDFFXPXODWLRQRI





,Q WKLV VWXG\ FRQWUROOHG QDQRPLFUR VWUXFWXULQJ RI
%&3VXUIDFHVZHUHFDUULHGRXWXVLQJLRQOLWKRJUDSK\













7KH DXWKRUV ZRXOG OLNH WR WKDQN 7KH 6FLHQWLILF
5HVHDUFK&RXQFLORI7XUNH\*UDQW1R0






/H*HURV -3 %LSKDVLF FDOFLXP SKRVSKDWH




>@ %DNDQ ) .DUD * &DNPDN 0& &RNRO 0
'HQNEDV (% 6\QWKHVLV DQG FKDUDFWHUL]DWLRQ RI
DPLQR DFLGIXQFWLRQDOL]HG FDOFLXP SKRVSKDWH
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&RPSDULVRQ EHWZHHQ K\GUR[\DSDWLWH DQG E
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